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I. Introduction

An electron neutrino beam! was designed by modifying the
existing Sign Selected Bare Target (SSBT) train by S.Mori, S.
Pruss and R.Stefanski?. 1In this report I will optimize the
previous design under the following assumptions:

(1) the existing target tube, decay pipe and loca-

tions of the neutrino detectors can not be changed,

(2) the electron neutrino beam train is installed
in the target tube,

(3) conventional and readily available magnets :
are used,

(4) the train can run for the total number of
protons on the target of the order of 10!°
or more at 400 and 500 GevV,

(5) the train can be used for the Energy Doubler
operation at 1000 GeV with minor modifications
only, and

(6) the construction cost is modest.

The source of electron neutrinos is the Kp° decay

K{ + metve and mte” Vs (BR=39%). (1)

Therefore, v and Vg fluxes are identical. Muon neutrinos are
background in this beam. The major processes® for muon neutrino

backgrounds are

Ky > 1wty and mtu=T, (BR=27.5%) (2)
LA VAP TRV (100%) (3)
K§+u+vu, WS (63.5%) (4)
Kg+ﬂ+ﬂ"+ u+vuu‘5u (68.3%) (5)

A+pw‘+pﬂ'§u (64.2%) (6)
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The background from the K% decay is intrinsic and can not be
avoided in the present design. Thus, the design goal is to
maximize electron neutrino fluxes and minimize muon neutrino
backgrounds from processes (3) through (6) so that they become

insignificant compared to the muon neutrinos from the Kf decay.

Optimization was made for the 15-Foot Bubble Chamber with
the fiducial radius of 1.35 m at 400 GeV. 1In the last section
computed electron neutrino fluxes and backgrounds for the final
design will be shown at 500 and 1000 GeV. The vy
from the A decay becomes dominant at 1000 GeV and cannot be

background

suppressed by any magnet arrangement in the present target tube.
A possible solution to this problem will be discussed incorpo-
rating the expansion program of the present target tube in the
Energy Doubler project. Also shown will be electron neutrino
fluxes at the Wonder Building.

IT. Electron Neutrino Flux

The vg (or Ge) flux is solely determined by apertures of
various beam components which will be uéed to suppress back-
grounds and absorb Kﬁ's before they decay. Figure 1 shows vg
fluxes computed by a Monte Carlo program for various horizontal
and vertical apertures. The incident proton energy is 400 GeV.
The KE production cross section is assumed to be the average Kt
and K~ cross sections. Stefanski-White's parametrization“for pion
and kaon production was used throughout the presnet study. The
fluxes are computed at the 15-Ft. Bubble Chamber and averaged
over the radius of 1.35 m. For apertures greater than =4 mrad
the ve flux does not increase. The flux is reduced by about
10% for apertures of * 2.5 mrad. Therefore, it would be

desirable to have apertures of at least * 2.5 mrad.

Also shown is the ve flux under the assumption that the decay
pipe has a larger radius and does not absorb Kg's. It should

be pointed out that the shape of the spectrum corresponds
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roughly to the vg, Ge, Vi and Gu spectra from the KE decay in

the dump experiment and it has much softer energy distribution.

III. Muon.Neutrino Backgrounds from the 7¥ and k¥ Decays

Backgrounds from decays of long-lived charged particles
(t>107!%sec) can be reduced by a sweeping magnet which follows
the target directly. The distance between the target and the
upstream end of the magnet (the magnet distance), D, must be
kept as short as practical. We consider only the background

* and &t decays in this section, since the background

from the 7w
from the 7~ and K decays are much smaller because of smaller w_
K~ production cross sections. Any other known charged particles
can safety be neglected. Figure 2 shows computed vy backgrounds
as a function of the neutrino energy for two magnet lengths of

3 m and 6 m magnets. The apertures of * 2 mrad were used in the
horizontal and vertical planes. The magnetic fields were varied
from 10 kG to 30 kG. The background suppression is better for
the higher fields, since charged particles are bent away sooner
after leaving the target. As far as the magnet length is con-
cerned, the length of 6 m was shown to be sufficient when the

field is greater that 15 kG.

If only existing magnets are to be used, either of the 6 m
long Main Ring bending magnets, 5-1.5-240 or 4-2-240 at 18 kG,
is a good compromise. The magnet. distance, D, was 0.8 m for
the SSBT train. The upstream EPB dipole survived in the last
run of 3.7 x 10'® protons on the target at 400 GeV. Since the
coil arrangement of the Main Ring dipole magnets is superior to
that of the EPB magnets, the magnet distance can be made shorter.
The 350 GeV/c Dichromatic Train has the magnet distance of about
0.3 m. Running experience from this beam will help in determining

this parameter.

A better scheme is to use a short and narrow aperture magnet

of high field directly after the target. Such a magnet can be
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designed to make the magnet distance very short and be built at

modest cost.

IV. Muon Neutrino Backgrounds from the Kg Decay

The vy and ;U backgrounds from the Kg decay are identical.
The Kg cross section is assumed to be the average KT and K~

cross sections. Energy distributions for pions, Kg's and pions
from the Kg decay are shown in Figure 3 for the polar angle of
particle production less that 5 mrad. The incident proton

energy is 400 GeV. The pion fluxes from the Kg decay are about
15 and 30 times less than directly produced negative and posi-
tive pions, respectively, above 100 GeV. Also shown are energy
distributions of A production and negative pions from the A decay.
The details of the A production and decay will be discussed in

the next section.

The Kg and A decay distributions as a function of the dis-
tance from the target are shown in Figure 4. All the Kg's and
A's which are produced within the polar angle of 5 mrad at 400
GeV are integrated. The A decay distribution will be discussed
later. The Kg decay distribution indicates that sweeping magnets
are needed quite far away from the target. The Vi background
computed by a Monte Carlo program is shown in Figure 5 for various
magnet arrangements. For ease of computation magnets were assumed
to have no aperture limitation and apertures were limited only
by collimators Cl, C2, and C3 to * 2 mrad in this background
study. A single Main Ring dipole magnet was used at the target.
A group of magnets which are placed about 20 m from the target
can be of the 6-3-120 type which gives an aperture of * 2 mrad
by * 4 mrad. The third group of magnets must have a large aper-
ture and can be 8-8-60 magnets which were built for the Narrow
Band Horn Train. The maximum field of this magnet is 4 kG. N;,
N,, and N; indicated in Figure 5 are numbers of magnets used for

background calculations of the three places.
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The backgrounds for N, = 1 and 2 are essentially the same
when the other conditions are identical. The backgrounds for
N, = 0 (absent) are substantially worse. Therefore, a single
6-3-120 magnet arrangement is reasonable at the middle. The

acceptable arrangement seems to be N; = 1, N, = 1, and N; = 2.

V. Muon Antineutrino Background from the A Decay

The A decay yields only GU background. Inclusive production
of A has been measured for 300 GeV protons on beryllium®. Func-

tions of the form
1-20(t)

3
E L9 - g(t) (1-x)

0 (%) | g550q 0™ F Gp3
were found to give good fits to the data, where x = 2p11/¢s,

p1; = the longitudinal component of the A momentum in the c.m.
system, and t and s are the conventional kinematical wvariables.
The inclusive A production at higher energies was assumed to

have the same invariant cross section.

The energy distributions of A's and negative pions from the
A decay, and the decay distance of A's from the target at 400
GeV were shown in Figures 3 and 4. The polarization of A has
been neglected. The A gives a much softer energy distribution
of negative pions, but the average decay distance is consider-
ably longer than the Kg. Most importantly, the production cross

section of high energy A's in the forward direction is very large.

Figure 6 shows G“ background fluxes for various magnet
arrangements. The energy scale was doubled to see more detail.
As expected from the decay distance curve the acceptable arrange-
ment for the Kg background does not give a satisfactory result.
Two more 8-8-60 magnets reduce the background slightly (N;N;Nj3 =
114). 1In order to evaluate background contribution from A's
which decay in the decay pipe, the last set of magnets were
moved downstream to the end of the target tube and the C3 colli-
mator which follows the last magnet was closed. The difference

between two broken curves for N;N,N; = 112 is this contribution
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which is far more than half of the total background with the C3
open. The bottom curve corresponds to the background when the
target is placed inside the first magnet and the Cl collimator
is closed.

The optimum solution seems to place the 8-8-60 magnets at
the end of the target tube. More than two 8-8-60 magnets cer-
tainly helps suppressing the background but the gain is insigni-
ficant. Although the aperture of the 8-8-60 magnet is 8" by 8"

for a good field volume, the physical horizontal aperture is 18".

VI. Final Design

The schematic diagram of the final electron neutrino beam
design is shown in Figure 7. Compared to the previous design
of the modified SSBT Train the present design gives smaller muon
neutrino backgrounds from the Kg and A decays. The Ml-1 magnet
is very effective in suppressing backgrounds from pions and
kaons produced at the target. The Ml-2 magnet can be 3 m long
as far as the background is concerned, but the 6 m arrangement
provides a clean beam dump for the primary proton beam. The M2
magnet is effective to backgrounds from the Kg and A decays.
Lastly, the M3 magnets are the most important to reduce the back-
ground from the A decay but less crucial to the background from
the Kg decay. The primary proton beam must be dumped upstream
of the last magnets so that proton interactions with air between
tﬁe target and the dump do not introduce backgrounds. The air
in the target tube was the principal source of muon antineutrino

background in the SSBT neutrino run.

The present design gives a horizontal aperture of * 4 mrad
and a vertical aperture of * 2 mrad. Computed v, (or Ge) fluxes
are shown in Figure 8 for incident proton energies of 400,500
and 1000 GeV. The fluxes are averaged over a radii of 1.35m
and 1 m at the 15-Ft. Bubble Chamber and the Wonder Building,

respectively. Computed v,, fluxes using NUADA for the double

u
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horn system and the bare target (not the SSBT) at the 1l5-Foot
Bubble Chamber with a 1.35m . fiducial radius are also shown

for comparison.

Relative electron neutrino distributions in the xy plane at
the 15~Foot Bubble Chamber and the Wonder Building are shown in
Figures 9 and 10 for energy intervals of 40 to 60 and 100 to
120 GeV. The incident proton energy is 400 GeV and each bin is

50 cm. At higher energies the distributions become smaller.

Figures 11 through 14 show vg or Vg fluxes, backgrounds
from individual sources and the total vy and G“ backgrounds
without the Kg decay contribution at the 15~Foot Bubble Chamber
for 400 and 1000 GeV® Backgrounds for a compromised arrangement
which utilizes existing magnets only are also shown for 400 GeV.
The target magnet is a Main Ring dipole and the magnet distance
is 0.8 in. The backgrounds from the Kg and A decay were assumed

the same as before.

Muon neutrino flux from the Kﬁ decay’ was computed. The
spectrum shape is essentially the same as the ve spectrum and
the flux is 71% of the vg flux.

The GU background from the A decay becomes very serious at
1000 GeV as seen in Figure 1l4. Most of this background comes
from A decays in the decay pipe and can be reduced by placing
magnets further downstream of the present target tube. Computed
background from the A decay for an arrangement in which a wide
gap magnet of 40 cm and 18 kG*'m is installed 100 m from the

target in the expanded target tube is shown in Figure 14.
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Figure Captions

Computed electron neutrino fluxes from the KE decay as a function

of horizontal and vertical apertures for 400 GeV.

+

v,, backgrounds from 7" and Kt decays for wvarious magnet

u
arrangements of the vy beam.
Energy distributions of pions, Kg and A and pions from Kg and

A decays. The incident proton energy is 400 GeV.

Decay distances for Kg and A's produced at the target for
400 GeV.

0 - - :
vy background from the Kg decay,K§+ A +p+vuﬂ , for various

magnet arrangements.

GU background from the A decay, A+pﬂ'+pu‘$u , for various

magnet arrangements.
Schematic diagram of the final electron neutrino beam design.

Computed electron neutrino fluxes for the final design at
the 15-Ft. Bubble Chamber and the Wonder Building. The
incident proton energies are 400,500, and 1000 GeV. Muon
neutrino fluxes for the double horn system and the bare

target at the 15-Ft. Bubble Chamber are shown for comparison.

XY distributions of electron neutrinos from the K% decay at
the 15-Foot Bubble Chamber for 406 GeV. Energy intervals
are 40 to 60, and 100 to 120 GevV.. Each bin is 50 cm. Cross

lines indicate the beam center.

XY distributions of electron neutrinos from the Kﬁ decay at
the Wonder Building for 400 GeV. Energy intervals are 40 to
60, and 100 to 120 GeV. Each bin is 50 cm. Cross lines

indicate the beam center.

Computed electron neutrino flux from the Kﬁ decay and vy
backgrounds at 15-Foot Bubble Chamber for 400 GeV. The vy

backgrounds are shown for the final design of Figure 7 and

compromised design with existing magnets only.
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neutrino flux from the Kﬁ decay and GU

backgrounds at the 15-Ft. Bubble Chamber for 400 GeV. The
Gu backgrounds are shown for the final design of Figure 7

and a compromised

Computed electron

background at the

Computed electron

background at the

design with existing magnets only.

o)
neutrino flux from the K; decay and Vi
15-Ft. Bubble Chamber for 1000 GeV.

neutrino flux from the Kg decay and vy

15-Ft. Bubble Chamber for 1000 GeV. Gu

background from the A decay with a wide gap sweeping magnet

in the extended target tube, about 100 m from the target is

also shown.
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(A) Energy Range = 40 To 60 GeV.
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